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The auditory evoked potential studies performed on nan during 
the past thirty-five year* have mainly examined the activity generat- 
ed by the rostral portions of his auditory pathway (for reviews see 
Regan, 1972 and McKay, 1969). Recently, however, two different tech- 
niques for recording the human eighth nerve action potential have been 
described (Sohmer l Felnnesser, 1967; Yoshie, 1968), and Jewett and co- 
workers (1969, 1970) have demonstrated that activity in the human me- 
dulla and midbrain (the brainstem evoked response, or BER) can be 
visualized. Most recently, Mousheglan ejt aj_. (1973) reported sti.ll 
another type of human brainstem response, the frequency following re- 
sponse (FFR), which, like the BER, can also be recorded from man via 
seal, i electrodes. Thus, In less than a decade virtually the entire 
auditory pathway has become accessible for study by electrophysio'io- 
gical methods. This presents opportunities for basic and rllnlcal 
studies not found elsewhere in human sensory physiology: one can 

sample and evaluate activity at practically every level of the auditory 
system from the evoked eighth nerve response in the periphery to the 
cortically generated vertex potential centrally. 

In this chapter we will deal exclusively with the two recently 
described irainstem responses and focus upon the following questions 
pertinent co their use in the clinic: (a) can these responses readily 

be obtained from patients of all ages; (b) how variable are the data, 
and can one reliably establish clinical norms from tbem;(c) what re- 
cording and stimulating conditions are optimal, and (d) are deviant 
responses obtained from patients with hearing disorders, and if so. 


are these sufficiently characteristic to permit differential diagnosis. 


While answers to only some of these questions can be given at the 
present time, this chanter will argue that a sufficient amount of 
laboratory and clinical data are now available on both the BER and 
FFR to permit an octlmlstlc estimate of their clinical utility. 

We begin by considering the most recently discovered response - 
the frequency following response (FFR) - and then discuss the BER, 
the response type with which we ourselves have been principally con- 
cerned. 

The Frequency Following Response (FFR) 

If a short tone burst Is repeatedly delivered via earphones 
to a human observer, a brain wave response at the stimulus frequency 
can be recorded via electrodes at the vertex and mastoid (or earlobe) 
after computer averaging (Fig. 1). The response mirrors the signal 
duration as well as its frequency (between about 100 and ?000 Hz), 
but only after a delay of some 6 msec (and hence it cannot be due to 
an electrical artifact or to the physiological hair cell response). 

The response amplitude covaries with slcnal intensity, can be reduced 
or abolished by simultaneously presented noise maskers, and Is absent 
or diminished in persons with impaired hearlnq (Mousheaian, et al, 
this volume; Marsh et aJU 1975). 

The human FFR is generated in the brainstem, according to all 
available evidence. It was first described by Mousheqian et aj[ (1973) 
in a report that is still the only publication on this toniu of which 
we are presently aware. We have, however, been privileged to examine 
an unpublished manuscript by Marsh, Brown and Smith (1974 in press) 
which fully confirms and importantly extends the findings of Mousheglan 
et al. 
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The FFR In animals, by contract to that In man, has been known 
and studied for many years, the term itself having been invented by 
Worden and Marsh in 1968 to describe data obtained from the cat. Some- 
what earlier, Tsuchitani and Roudreau (1965) studied the phenomenon in 
the feline superior olive, describing what they called stimulus “fol- 
lowing" in this way: “so faithful was the reproduction of the stimulus 

that .he person speaking could often be identified, a phenomenon rivall- 
ing that of tne cochlear microphonic". *'arsh et al. (1974) characterize 
the cat FFR as M ...a microphonic-llke wave-form recorded from gross 
electrodes placed in the lower auditory pathway. It has a fundamental 
frequency equal to that of the stimulus, a latency appropriate to the 
level from which It i- recorded and is observed to change in amplitude 
as a function of stimulus intensl ty . . .it can be recorded up to and in- 
cluding the central nucleus of the IC (inferior colliculus) but not ros- 
tral to that point. FFR has been observed across a frequency range from 
approximately 0.5-5 kc/sec in the CN (cochlear nucleus)..." In animals 
with chronically implanted or acutely placed electrodes the evidence con- 
vincingly supports the neural origin of this FFR (Marsh et 1970), 
with a given ear activating both the ipsi lateral and the contralateral 
ascending auditory pathways (Marsh et al^, 1974).. FFR originates only 
within the auditory brainstem since it virtually disappears (or appears) 
with electrode displacements of a few ran when these electrode movements 
take place at the borders of the auditory tracts or nuclei. The phe- 
no.renoii in cats, which is also readily recorded via scalp electrodes, 
seems In all Important ways to be identical to that recorded from man 
(Marsh et^ al^, 1975). 
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The question of what nucleus or nuclei generate the hunan FFR 
has not been settled. The fact that its onset latency apDroxinates 
6 msec points to the inferior colliculus as the most probable generat- 
or. However, it is known from animal studies that each brainstem 
nucleus up to the inferior colliculus generates its own FFR, and the 
theoretical oroblen of why these various FFR sources fa'! to cancel 
each other out at the scalp electrodes has not bren resolved. Answers 
to these questions are essential if the FFR is to be clinically use- 
ful in approximating the level of a brainstem lesion in man. 

The potential clinical utility of th» FFR was heralded by 
two observations in the cat (Marsh et al, 1970). First, If one auditory 
nerve .a cut no FFR is aroused by stimuli applied on that side, and 
second, the FFR disappears reversibly when the cochlear nucleus cn 
the side stimulated is cooled and rewarmed, 'ioecific examples of 
how the FFR can be used as a clinical tool In human disorders is the 
subject of Chapter (Ttoushegiaii) in this volume. 

In the clinical studies known to us tone pips of short dura- 
tion are the stimulus probes by which brairstem responsivity is being 
assessed.. A steady tone of appropriate frequency should also generate 
the FFR, of course, and that this does happen is shown in Figs. 2 
and 3. Three possible advantages in using such a continuous stimulus 
to generate the FFR in clinical situations can be stated. First, 
continuous tones are easy to create; p-oducing synchronized tone bursts 
is technically more difficult than merely turning a tone on and off. 


Second, If the sampling of brainstem responslvity Is continuous rather 
than Intermittent, larger FFR voltages will be generated In the same 
amount of time. A tone burst lasting 20 msec applied at 10 per sec 
drives the brainstem FFR generators for only .2 s^c/sec; hence such 
a stimulus requires, in theory at least, 5 min. to produce the same 
physiological response voltage which a continuous tone would generate 
in one. If clinical audiometry using FFR develops into i useful tool 
it is probable that the actual FFR voltages derived from the patient 
will he compared with that of appropriate age-dependent norms at various 
intensities near and well above threshold. If both patient response 
and norms are to be expressed as volts/tine of stimulation, as seems 
likely, a continuous tone Is theoretically the more efficient stimu- 
lus to use. A third possible advantage of continuous tones is that 
they produce transient free, steady state driving of the basilar mem- 
brane, whereas short tone bursts do not. Continuous tones are there- 
fore more likely than tone bursts to drive the FFR optln ,lly from the 
apical region of the basilar membrane. 

Among the disadvantages of using continuous tones for FFR gen- 
eration is the possibility of contaminating the response derived from 
the brainstem with the signal delivered to the earphone. This source 
of artifact is excluded when brief tone bursts are applied because com- 
petent recordings will always show, as already sta ed, a delay of sore 
6 msec between the onset of the physiological response and the onset 
of the electrical signal. When continuous tones are applied to gen- 
erate the FFR a frequency-dependent phase difference should appear 
between the (wanted) physiological and the (unwar ted) electrical 
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signals, as shown In Mg. 2 . The freqiency-dependency of this phase 
difference can he estimated from the fact that the FFR onset lags the 
acoustic signal onset by about 6 nsec. This means that the lowest fre- 
quency at which the two signals can be In phase approximates the sine 
wave with a period of 6 msec (167 Hz); furthermore the phase coinci- 
dence can occur at Integral sub-multiples of that period only. These 
rules have held,, to a first approximation. In the measurements we 
have made thus far on our subjects. 

In summary, our experience as well as that of f'oushegian et_ 
aj^ (1973) and Marsh et aj^ (1975) suggest that a useful FFR should be 
obtainable from patients. The FFR is certainly readily recordable 
from normal adults and children (as young as 9 weeks of age, according 
to Marsh et al., 1975 and has already been studied In some patient 
groups. Its threshold, however, appears to be rather high (all workers 
report approximately 40 d3 SL for .orral listeners; see, e.g. Fig. 3). 
Nevertheless the ease with which the FFR can be recorded, and its re- 
liability across and within subjects seen* to warrant further studies 
of its possible clinical utility. Hallowell Davis ir. a comprehensive 
assessment of electrical audiometry appears to be less optimistic 
on this point than are others (1974). Further discussion of these 
matters is found elsewhere in this volume (Moushegian chapter). 

The Brainstem Evoked Response (RER) . 

When clicks ere repeatedly delivered to a subject via ear- 
phones, a complex time-locked evoked response is regularly identified 
in the 10 msec post-stimulus interval. As can be seen in Fig. 4 (and 
elsewhere in this volume) at least 6 waves appear and these decrease 


In amplitude and increase in latency as the stimulus strength weakens. 
The properties of wave 1 in this response closely resemble those of 
the neural deflection in the electrocochleogram (electrode on 

or near the temporal bone) recorded at the sane tine: wave I amplitude 
is smaller in such simultaneous recordings, but its threshold latency 
and its ampli tude-latency dependency upon stinulus strength are just 
like those observed at the more favorable electrode r .te. These facts 
ai » generally taken to mean that the generator of wave I Is the audi- 
tory nerve. As for the subsequent waves in the sequence, these are 
taken to reflect the progressive activation of brainstem auditory 
structures by the acoustic message as it ascends enroute to the cor- 
tex. These inferences (for which solid evidence exists, as we shall 
see) are fundamental to all applications of the brainstem evoked re- 
sponse in clinical situations. 

The BFR history begins in 1967 with the observation by Sohrer and 
Feinmesser that the eighth nerve action potential (Nj-Ng) is record- 
able with scalp electrodes, and that this potential is followed by 
two additional v/aves, postulated by them to be either repetitive fir- 
ings of the auditory nerve, or volume conducted responses from brain- 
stem auditory structures. However, the first convincing demonstration 
that electrical activity generated in brainstem auditory structures 
can be recorded via surface electrodes was by Jewett (1969, 1970) 
in the cat. He and his colleagues (Jewett ct aK, 1970, and Jewett 
and VMlliston, 1971), subseouently described the entire response as 
it appears in man. A comparison of their recordings with those of 
the Sohner group reveals considerable differences which must, in 
part, be due to differences in recording electrode configurations. 


amplifier filter settings, and/or the stirull used. Records obtained 
from our laboratory (e.g. Fig. 4) hear a remark able similarity to 
those obtained by Jewett and Williston, as do those of rany other 
groups (e.g. Gerull et al . , 1972; Shagass and Amadeo, 1973; f'.oushegian 
et aK Starr, and Goff et al_, this volume). 

Several different schemes are presently used to nare the various 
waves In the BER. We (see also Starr, this volume) have adopted the 
conventlor proposed by the discoverers of the PER and use Roman numer- 
als to IJentlfy its components. Elsewhere in this volume Goff, Allison, 
et al arbitrarily offer still another nomenclature which, like ours. 

Is also inconsistent with the one proposed by the Committee on Methods 
In Evoked Potential Research of this Symposium. In our view no valid 
reason to change the terminology that has priority In the literature 
exists. What Jewett and Williston call wave /, by whatever name, norm- 
ally varies In Its latency as a function of signal strength (for our 
clicks at a rate approximating <0 microsec per dB), and this is the 
fact that makes It so useful In diagnostic and clinical situations. 

The Jewett and Williston terminology allows one to emphasize this cru- 
cial fact as well as, or better than, any other nomenclature we know. 

Following this brief historical introduction we now simarlze 
several studies on the BER which, while not of direct clir.lcal interest, 
provide the foundation and framework for its clinical application. 

We will then discuss specific ways in which the properties of the 
BER defined by these studies vary in the several patholooical condi- 
tions we have examined. 


Response Generators . The BFR Is distinguished fron the more 
familiar later components of t'e auditory evoked response (Pavls and 
Zerlln, 1964; Goldstein and Rodman, 1966) by Its amplitude (fraction 
of a latency (within 10 msec post-stimulus), and frequency spectrum 
(most of its energy lies well above the high frequency cut-off of re- 
cording systems traditionally employed). The electrode configuration 
Is identical for recording earl>, middle and late response components 
(Plcton et^ a^, 1974) but the amplifier gain and filter settings, and 
the time base required to display the responses are quite different. 

For two methods commonly employed In BER recording the reader is refer- 
red to Jewett and Hilliston (1971) or Hacox and Galambos (1974). 

Considerable ..ort has been expended or determining the gen- 
erators of this response. Early work by Jewett's group in the cat and 
man (1969, 1970, 1971) and subsequent work by Lev and Sohrer (1972) 
clearly established the response to be neural, not nyogenic, in origin. 
However, the question of how much of a given response component ori- 
ginates within a particular brainstem auditory center Is still open. 

From direct comparisons of Intracranial and extracranial recordings 
in animals (Jewett, 1970; Lev and Sohmer, 1972) and, in man, from extra- 
cranial napping studies (Gerull elt al_, 1974; Plcton et al_, 1974; Plantz 
ct al_, 1974), from simultaneous recordings of BER and the electro- 
cochleogram (Sohmer and Felnmesser, 196}; Jewett and Willis ton, 1971), 
and from pathological material (Starr and Achor, 1974) it seems to be 
established that wave I corresponds to the eighth nerve action poten- 
tial. Such studies also suggest strongly that waves IV and V are 
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generated from structures lying rostral to the pons. The relative 
contributions of the successive brainstem auditory centers to each 
wave beyond Wave I Is still uncertain, however. 

Stimulus Dep endenc e. Jewett ejt al (1970) were the first to 
emphasize the point that decreasing signal strength Increases response 
latency and decreases the amplitude of all response components (Fig. 

4). There has been arpla confirmation and quantification of this 
finding (Cerull et al, 1972; Lev and Sohrrer, 1972; Llebeman, Szabo and 
Sohrrer, 1973; Terkildsen, (•sterharmel and Hulsin' tveld, 1973; Starr 
and Achor, 1979; Hecox and Galambos, 1974; Plcton et al^, 1974). The 
various reporting laboratories agree to a remarkable extent on these 
latency-intensity and amplitude-intensity functions, an encouraging 
fact since the audiometrlc applications of the BER obviously depends 
on the universality and limited variability of these relationships 
(llecox and Galambos, 1974). 

• A variety of signals - clicks, noise bursts, tone pips - pre- 
sented at repetition rates up to at least 70 per sec successfully elicit 
the BER (Jewett and Hi 1*1 Is ton, 1971; Galambos et al , 1973). Masking 
studies, as well as measurements of latency and amplitude change * 0 - 
dneed by varying stimulus rise-fall tire arid duration, rake it clear 
that the BER is an onset response that depends almost entirely on 
events originating In the first one or one and one-half turns of the 
cochlea; the more apical low frequency fibers contribute very little 
to the response (Hecox, Squires and Galanbos, 1974; Hecox, 1974). 

We use and recommend clicks as stimuli because one cannot distinguish 













♦ . 

L L 



.. • 


the BF.R they produce fro.* those produced by Intense tone or noise 
bursts with abrupt rise-tires. However, there Is not enough Informa- 
tion currently available to define the "optimal" stimulus for clini- 
cal purposes, although the fact that the response Is an onset response 
suggests that the slowly rising long duration signals traditionally 
employed by audiologists are suboptlmal for eliciting the BFR. 

The clinical Implications of these observations are that neither 
low frequency responslvity nor the more complex Integrative function 
of the auditory system can be assessed by this method. Lesions Involv- 
ing only the apical region of the cochlea, or of the conolex units mediat- 
ing temporal integration will be undetected. 

Age Depend ence. That BER amplitude and latency chanop with age 
was first shown by Jewett and Romano (1972) In the developing rat pup 
and kitten. Their observation that latency decreases as age Increases 
has been confirmed (Llrbeman, Sohmer, and Szabo, 1973) and quantified 

(Hecox and Galambos, 1974) for the human Infant. The way In which re- 
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sponse amplitude varies with age has received less attention, although 
Liebeman et al_ state that the smallest responses are generated by new- 
borns, and that infants produce larger responses than adults; since 
they treated Infants of various ages as a homogeneous group, however. 

It Is not possible to derive from their data quantitative comparisons 
of amplitude changes as a function of age. 

The progressive shortening of wave V latency with Increasing 
age has been attributed to postnatal myelination of brainstem auditory 
structures (Liebeman et aj^, 1973). However, since the latency of 
wave I, the auditory nerve response. Is also prolonged in infants. 
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possible postnatal developments In peripheral structures must be consid- 
ered as well. Masking studies on Infants suggest that a s 1 oni f i l ant part 
of this developmental latency shlfc is due to a progressive postnatal 
Increase In rcsponsivlty of high frequency units located in the basal 
portion of the cochlea (Hecox, 1975). To what extent this is due to 
maturation of middle ear as opposed to cochlear structures however, re- 
mains to be resolved. The clinical consequences of these findings are 
tv/o-fold: (a) the latency and/or amplitude norms upon which clinical 

diagnoses are based must be age specific and (b) the responsi vi ty of the 
basal turn or so of the cochlea changes after birth, and so BER measure- 
,: ur'5 made in a newborn cannot predict his high frequency responsivity 
in adulthood. 

Clinical appl icat ions . The PER has already provided a certain 
amount of information useful in the diagnosis of both audiologlcal and 
neurological disorders. We will discuss here primarily its application 
in audiological disorders; for its use as a neurological tool see Sohmer 
et al, (1974) and Chapter (5tarr) . 

The earliest attempts to utilize BER for the diagnosis of hearing 1m 
pairment was by the Sohmer group (summarized in Sohmer et al^, 1973); 

They observed that responses obtained from hearlng-irpaired children 
generally exhibit prolonged latencies, diminished amplitudes, and ele- 
vated thresholds. Evidently their main goal has been to perform identi- 
fication audiometry In tbe infant population. Our emphasis has been 
to develop the* BER into a measure which r.ot only identifies the hearing- 
impaired patient, regardless of age, but which, in addition, permits 
statements about the nature and location of his disease process. To 
accomplish this end, we collected data from healthy adults and Infants 




and described the normal relationships between signal Intensity and 
BF.R characteristics (Hecox and Galambos, 1974). Fiq. 4 shows typical 
normal BERs and Fig. 5 plots curves derived fron three normal -hearing 
adults on whom the BER was recorded repeatedly over an 8-month period. 

We have chosen to measure latency, not amplitude, because latency measures 
always show much less inter-subject and inter-session variability than 
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do amplitude measures. We have selected to measure v/ave V latency, 
furthermore, because throughout all age groups v/ave V stands out as large, 
stable and easy to Identify. (If a given record shows abnormalities 
in wave V, we separately examine each prior wave to determine the earliest 
point at which the abnormality appears.) 

Having establi ed the norms shown In Fig. 5 (see also Starr, this 
volume), we next collected BER responses from patients for comparison. 
Among these patients are numerous infants with suspected hearing loss- 
es but because quantitative behavioral information comparable to that 
obtained by standard audiological procedures In adults is not available, 
for these children we restrict our discussion hei'e to the findings in 
adults. Generalizing the method to the pediatric population awaits 
comparable firm correlations between audiological assessment, diagnosis 
of pathological state, and specific BER patterns which we have been 
able to obtain in this adult population. 

P atients with conductive hearing loss . Conductive losses arise 
from any impairment in the normal flow of air-borne pressure waves 
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into movements of the inner ear fluids. Examples include wax obstructing 
the ear canal, tympanic membrane perforation, fluid collections in the 
middle ear cavity, disarticulations of the ossicular chain, etc. The 
majority of these lesions result In a hearing loss that is either 


"flat" as a function of frequency, or more pronounced In the low fre- 
quencies. Cochlecgrams (eighth nerve action potential recordings) 
from such patients show the latency-intensity and amplitude-intensity 
functions to be parallel to, but displaced from, those of the normal 
adult (Portnarn and Ara«, 1971; Cullen et^ aj[, 1972). The BEP. from a 
patient with a conductive loss similarly shows a wave V latency-in- 
tensity function which Is parallel to but displaced from the norm 
(Fig. 6A and Table 1). The amount of this displacement of the curve 
to the right measures the amount of the conductive hearing loss. . Thus 
In Fig. 6a patient CL required a 65 d3 signal to produce a 7.1 msec 
response, while the normal adult requires only 30 dB to produce the 
same wave V latency. The difference In these signal strengths, 65 
minus 30, or 35 dB is the estimate of the patient's conductive hearing 
loss. As Is evident from the figure this estimate does not depend 
upon which point is chosen along the latency intensity function since 
. the functions are parallel. 

Patients with sensorineural hearino loss. Sensorineural losses 
follow disease of the cochlear structures involved in transducing in- 
ner ear fluid pressure waves into electrical impulses (stria vasculari 
hair cells’, etc.) and/or damage to the auditory nerve terminals and 
fibers. Examples of such lesions are salicylate intoxication, noise 
induced losses, and Meniere's disease. As wiih -*~.1uctive losses the 
audiometric results in sensorineural losses can vary, but typically 
the loss of hearing in the high frequencies exceeds that in the low. 

One of the oldest and most reliable signs of sensorineural disease 
in a given ear is recruitment, the abnorr.- 


ally rapid growth of loudness as the signal Intensity pronrcssi vely 
rises above threshold (Fowler, 1928). Where this recruitrent is demon- 
strable the possibility of a simple conductive loss is eliminated. 

Fig. 6b shows the latency-intensi ty function produced by a patient 
with unilateral Meniere's disease; Table 1 shows his audior.etrlc data. 

At low Intensities a large discrepancy exists between his and the normal 
bER-wave V latency functions, but his curve converges upon the normal 
one at higher signal strengths. The number of dB above threshold re- 
quired to accompli a n this convergence has varied from 5 to 20 dB In 
the Meniere's patients studied thus far. When such patients have uni- 
lateral disease, this steep slope in the wave V latency function usu- 
ally parallels their perceptual phenomenon of recruitrent very closely, 
which means, simply, that the BER could, in them, provide an unequivocal 
diagnosis of a sensorineural lesion. Only one type of recruiting patient, 
the one with a steep high frequency less, has presented a diagnostic 

problem in this regard; in them the latency-intensity function shows 
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two legs, the first at the lower intensities v.nere wave V latency short- 
ens rapidly, the second at higher intensities, where it changes very little 
(rig. Cc and Table 1). Such curves demonstrate a limtslion of the BER, 
namely, that the shortening of latency in recruiting ears, as in normal 
ones, requires the participation of progressively more basal fibers. 

Patients with lesions of the central nervous system. The BER can 
materially assist in diagnosis of retrocochlea- or brainstem lesions 
if it shows selective abolition of one or more of its response com- 
ponents. Thus an intra-axial pontine mass nay yield a record in 
which waves I, II, and perhaps III are present, v/hile the more rostrally 
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generated waves IV and V are absent, Sohrrer et al (1974) and A. Starr 
in this volume expand on this idea using data from neurological pati- 
ents whose brainstem lesions are reasonably well defined. 

Still another way the BER can be useful is illustrated by a 
patient with a diagnosis of mucopolysaccharidoses Tyne III, who present- 
ed clinically as deaf or profoundly hearing impaired. Mis BCR was nor- 
mal, but his cortical evoked responses were unobtainable (Fig. 7). From 
these facts we postulate that his disease process did not involve the 
subcortical auditory centers and that his hearing impairment is due to 
damage, presumably ccrtical, at a higher level. BER measurements thus 
can, as in this case, identify patients whose hearing loss is not due 
to Impairea peripheral processes. Armed with such information, the 
clinician has a rational guide for his therapeutic intervention; a 
hearing aid for the patient of Fig. 7, for instance, would undoubtedly 
prove both costly and useless. 

Limitations of the BER. llhen the BER is used in clinical situations 
several of its limitations must be k.pt in mind. From th® audiological 
viewpoint it measures only the performance car abilities of the peripher- 
al auditory apparatus and the brains tern auditory tracts and nuclei; 
it does not, and cannot, measure "hearing", whic H requires further 
processing of the signals at higher neural levels. From the neuro- 
logical viewpoint the BER is a potentially useful tool only in the 
patient with functioning cochlea and auditory nerve; it can provide no 
information of value if the patient being examined is totally deaf due 
to loss of hair cells in the cochlea. 

Finally, the BER seems not to sample activity aroused within the 
cochlea beyond its basal turn or t'o; this means that wave V latency 
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neasures will be greatly prolonged - and hence sugqest meaningful hearing 
loss - In a person with excellent hearing up to about ? kHz but with 
severe loss at higher frequencies . The FFR by contrast, seems to test 
the stir, 'us frequencies which the BER does not, and so the approach 
of Stillman et al^ (1974 In press), which is to oroduce both the BER 
and the FFR with the same complex signa', may ultimately turn out to be 
the stimulus of choice In brainstem audiologlcal testing. 

Summary 

% 

Clinical Information potentially available frcm brainstem audio- 
metry falls into 2 main areas: 

1) hearing assessment of patients, especially those unable to cooperate 
in standard audiological procedures (e.g. young children); and 2) lo- 
calization of brainstem lesions, both those due acutely to trauma, cere- 
brovascular accidents etc., and those progressively developing due to 
tumor and demyellnating disease. This Chapter and those of Starr and of 
fioushegian £t, al_ elsewhere in this volume provide examples of how both 
the BER and FFR are beginning to aid In diagnosis and treatment of pa- 
tients with such disorders. 

In our laboratory the BER: 

1) Is recordable almost without exception from adults and infants as 
young as 33 weeks gestational age; 2) shows such limited intor-trial 
and inter-subject variability that dependable age-specific BER norms 
can be established for clinical use; and 3) varies in specific ways In 
the pati'. it population so that those with pure conductive hearing loss 
are readily distinguished from those with nixed or with pure sensori- 
neural loss, and those in turn from still other patients whose lesions 
lie within the central nervous system. 


In our view the 8LR and the F FR complement onp another since rach 
seems to sample a different aspect of cochlear activity and taken to- 
gether they would seen to sample the whole of It. Similarly, the cortical 
evoked response complements, without supplanting, the Information obtained 
from the brainstem responses. All have the major advantage of yielding 
objective data. The brainstem responses ray well find their most Import- 
ant application In evaluat.ng pediatric pat1en f s, where the RFR, at least. 

Is universally elicited, and where one cannot rely on the patient coopera- 
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tion necessary for standard audiological assessments. 

The clinical uses of BFR and FFR audiometry are nevertheless still 
new, unstandardized, and precariously perched upon a limited amount of 
hard data derived from laboratory experiments. Only time will tell whether 
our optimistic view of their future potential as diagnostic tools will be 
realized. 
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Table 1. Audiornetric data on patients of Mg. 6 


(Frequency (Hz) 


Patient 

250 

500 

1000 

2000 

4000 

8000 

CL 

35 

40 

30 

35 

30 

40 


5 

15 

0 

10 

0 

10 

TR 

25 * 

35 

40 

35 

45 

40 

• 

• 

10 

0 

7 

15 

5 

5 

LF 

15 

30 

20 

25 

65 

65 


5 

15 

10 

15 

10 

10 


26 






. 





FIGURE LEGENDS 

FIG. 1 The human HR. Vertex to earlobe recording* Tone: 
microphone response to the 500 Hz toneburst emitted 
by earphone applied to subject's ear. 

A: averaged FFR (N-2000) to that tone burst with 

F.EG amplifier bandpass 8- 10,000 Hz. B: Sine, with 

amplifier bandpass 200-1000 Hz. From Marsh e^t a 1 , 

1975 . 

F1C. 2 The human FFR to continuous tones of 400 Hz (above) 

and 300 Hz (below). Response: 3 superimposed repli- 

cations of the vertexmastoid activity (vertex positive 
up) recorded during 2 mins, of continuous monaural 
stimulation at 60 dBSL. Signal: The sine wave de- 

livered to the earphone, recorded during stimulation, 
and used to trigger all sweeps at the same phase angle 
Note phase shift relative to response that accompanies 
change in signal frequency. 

FIG. 3 The human FFR to 350 Hz tone at different intensities. 
Details as in Fig. 2, except tones lasted 90 sec. 

FIG. 4 The human BF.R to monaural clicks ( 30 per sec) at 

various intensities. Same subject and recording con- 
figuration as in Figs. 2,3. Each trace sums 2000 re- 
sponses; superimposed traces are replications ob- 
tained during the same recording session. Note 
that wave V latency increases and its amplitude de- 
creases as signal strength weakens. 


FIG. 5 The BHR wave V latency-intensity function for 3 


young adults. Dashed lines: each shows the mean 

values for one subject on whom at least 10 measure- 
ments were made over an 8 month period. Solid line: 
mean and standard deviations for all subjects. 

From hecox and Galnmbos 1974. 

FIG. 6 BKR wave V 1 atency- intens i ty functions for three 

patients with predominantly unilateral hearing loss. 
Hatched areas: the normal relationship shown in 

Fig. S; open circles: wave V latencies from the 

* 

"normal" ear of each patient. CL: girl with mon- 
aural (solid dots) conductive loss. TR: adult with 

flat sensorineural loss due to Meniere's disease. 

LF: adult with sensorineural loss from Meniere's 

disease, severe above 2000 Hz. See Table 1 for 
audiograms of each patient. 

FIG.* 7 Normal BF.R (a’ ove) and absent cortical response (be- 
low) in a patien suffering from San Filippo's Dis- 
ease. Clinically, the patient appeared to have a 
profound hearing loss. F.ach superimposed tracing 
was obtained in response to a 60 dBSL monaural click, 
with positivity to the vertex upwards in all recordings 
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